ABSTRACT: Tumours of the mammary gland were diagnosed in one female Djungarian hamster (Phodopus sungaros) and in two of her daughters from two litters. Altogether, five tumours were diagnosed. Three of them were adenocarcinomas, one was adenoma with disseminated foci of adenocarcinoma and one was diagnosed as an atypical fibrosarcoma derived from cutaneous ganglion cell-like cells. This was a recurrent tumour in the proximity of the previously extirpated adenocarcinoma. Using specific PCR primers for conserved regions of the mouse mammary tumour virus (MMTV) no endogenous provirus DNA could be detected in DNA samples isolated from formalin-fixed paraffin embedded tissue sections.
Hamsters are popular pet animals with Syrian hamsters (Mesocricetus auratus) and Djungarian hamsters (Phodopus sungaros) being among the most frequently kept species. Reports on spontaneous tumours in domestic hamsters are scarce, and most are individual case reports (Kondo et al. 2008a) . The incidence of tumours in these two species is quite different. In the analysis of tumours from 85 domestic hamsters 70 were Djungarian hamsters and 15 Syrian hamsters (Kondo et al. 2008a ). In the integumentary system of Syrian hamsters melanomas and cutaneous lymphoma are the most frequently detected tumours, but both are low in incidence (Percy and Barthold 1993; Brown and Donnelly 2012) . Tumours of the mammary gland in Syrian hamsters are rare and only a few cases have been described in the literature (e.g. Jelinek 1986a ). However, in Djungarian hamsters the incidence of cutaneous neoplasias is five times greater than in Syrian hamsters and these are predominantly represented by mammary tumours, atypical fibromas and papilomas (Brown and Donnelly 2012) . Kondo el al. (2009) analysed mammary tumours from 12 domestic Djungarian hamsters. Eleven were female and one was male. Histopathology revealed three subtypes: simple adenoma, tubulopapillary carcinoma, and complex carcinoma. No angioinvasion was observed. It is the aim of this contribution to describe mammary neoplasias in a female of Djungarian hamster and her two daughters.
Case description
Clinical and gross pathology. The owners of the pets in question originally intended to acquire two female Djungarian hamsters as pets. However, in the pet shop they purchased, by mistake, one male and one female. Two months later the female gave birth to four young. After weaning, three young animals (two females and one male) and the father were sold back to the pet shop and the family retained the mother and her daughter. The mother was, however, fertilized before the weaning of offspring and one month after the first parturition, bore a second litter of young comprised of two hamsters; one died shortly after birth while the other, female, survived.
A tumour of the first left mammary gland was observed in the mother at the age of 15 months. At the time of extirpation its size was 2 × 1 × 1 cm (Figure 1 ). It was well circumscribed and red-brown in colour. The cut surface was grey-brown with one cyst in the central region. The female survived for 13 months after the surgery without any health problems, i.e., until the age of at least 28 months.
In the first daughter a tumour of the first left mammary gland appeared at the age of nine months. At the time of surgery its size was 1.3 × 1.3 × 1.5 cm. The tumour was well circumscribed and the cut surface was pinkish with a small quantity of cloudy secretion. Three weeks after the operation the owner observed recurrence of the tumour. During the following three weeks (altogether six weeks after the extirpation) the globoid neoplasia reached 3 cm in diameter. In the first right mammary gland a tumour 1.5 × 1 × 1 cm in size simultaneously developed. The hamster was euthanized because of unfavourable prognosis. At post-mortem examination the body weight of the animal was 59 g and tumour weight was 19 g. The tumour had a smooth surface, greyish colour and surrounded the left thoracic limb (Figure 2 ). On the cut surface a large central necrosis circumscribed by homogeneous greyish tissue was apparent. All three siblings were healthy throughout the monitoring of their health status, i.e., up to 20 months of age.
In the second daughter three tumours developed at the age of 11 months. One was located in the first right mammary gland. It was globoid, 1.2 cm in diameter. In close contact with the tumour, two neoplastic formations were situated on the right side of the chest. The larger tumour was 1 cm in diameter, the smaller one measured 0.4 cm in diameter. All three tumours were solid, well circumscribed and of pinkish colour on cut surface. In the smallest tumour small cysts containing clear secretion was observed. The female died three months after the operation due to the development of other tumours and apathy. She was not examined either clinically or pathologically.
Histopathology and immunohistochemistry.
Samples for histopathological examination were fixed in 10% neutral buffered formalin, embedded in paraffin wax, sectioned at 5 µm thick slices and stained with haematoxylin and eosin and in indicated cases staining with Masson blue trichrome and PAS reaction was performed. The common immunoperoxidase method was conducted on additional histological sections for detection of the antigens listed in Table 1 . All antibodies were produced by DakoCytomation (Glostrup, DK). With exception of cytokeratins that were unmasked by digestion with Pronase (DakoCytomation, Glostrup, DK) for 10 min at room temperature, all remaining antigens were unmasked by boiling of the slides for 10 min in 0.1M citrate buffer, pH 6.0. Endogenous peroxidase activity was blocked with 3% H 2 O 2 for 15 min. Binding of the primary antibodies was visualised by means of the Streptavidin-Biotin Universal detection System (Ultratech HRP, Immunotech, Marseille) and using the DAB Chromogen Kit (Ultratech DAB, Immunotech, Marseille). The slides were counterstained with haematoxylin. Tumour in the mother. The adenocarcinoma was arranged predominantly in tubular, alveolar or cystopapillary structures frequently lined by multilayered epithelium. Neoplastic epithelial cells were characterised by anisocytosis, anisokaryosis and moderate mitotic activity (Figure 3 ). Multiplied myoepithelial cells were identified by means of actin in part of neoplastic tubules (Figure 4) , and regions of increased proliferative activity of epithelial cells were demonstrated using PCNA. Some small foci of necrosis and larger central necrosis with secondary inflammatory cellularity were also present in the tumour. Angioinvasion was not observed.
Tumours in the first daughter. A predominantly well differentiated tubular adenocarcinoma with some dilated tubules or small cystic formations was diagnosed. Multiplied myoepithelial cells were observed in less differentiated regions. Necrosis in the central part of the tumour with moderate secondary inflammatory cellularity was present as well. Angioinvasion was not observed.
The tumour arising at the site of the previously extirpated mammary carcinoma consisted of atypical polygonal, angular or spindle shaped cells containing round, oval or irregular nuclei with fine stippled chromatin and one or more distinct nucleoli. The spindle cells were mostly arranged in Figure 5 ). Mitotic activity was moderate -13 mitotic figures were found in 10 high-power fields (40×), in the range of zero to three per one field. Angioinvasion was not found. Staining of histological sections with Masson blue trichrome revealed a mild to moderate quantity of delicate collagen fibrils produced by the neoplastic cells. Some foci of degenerated collagen fibres were disseminated in the neoplastic tissue. Immunohistochemistry was negativite for cytokeratin, myeloid/histiocyte antigen and HLA-DR antigens. Suspect to moderate positivity of actin was observed in less than 10% of neoplastic cells. Moderate positivity for chromogranin and CD 117 (c-kit) was detected in the cytoplasm of the majority of neoplastic cells. Marked positivity for vimentin was observed in all neoplastic cells, and the majority of them were also NSE-positive ( Figure 6 ). Based on histological and immunohistochemical examinations, the tumour was diagnosed as an atypical fibrosarcoma derived from cutaneous ganglion cell-like cells as described by Kondo et al. (2011) .
The tumour in the first right mammary gland was an adenocarcinoma arranged predominantly in tubular structures. Cystic formations were present in part of the tumour. Many tubules consisted of epithelial and myoepithelial cels with vacuolated cytoplasm. A part of these cells contained nuclei of pyknotic appearance. On the basis of PAS reaction negativity, hydropic degeneration was presumed. Staining for neutral lipids could not be performed, because the whole tumour was processed using the paraffin technique. Angioinvasion was not present.
Tumours in the second daughter. In all three tumours tubular adenoma with cystic formations was diagnosed. In the adenomatous tissue there were, however, disseminated foci of adenocarcinoma, mostly in situ but in places with signs of invasion through the basal membrane ( Figure 7) . Molecular biology. DNA from five samples of formalin-fixed paraffin-embedded tissue sections (FFPE): B30/12 -0.017 g; B83/12 -0.018 g; B205/12 -0.020 g; 5/2/12 -0.014 g; and B34/13 as a negative control -0.022 g was isolated using the High Pure PCR Template Prepartion Kit ver. 16.0 (Roche) with some modifications. Because of the small volume of the samples the final volume of elution buffer was reduced to 100 µl. For the detection of endogenous Djungarian hamster provirus DNA (MRS-Ps) derived from mouse mammary tumour virus (MMTV) the DNA isolates were analysed by amplification of DNA fragments using the poly- Table 2 . Amplification and sequencing primers for detection of endogenous MMTV DNA (Hsu et al. 2010 GGA-TGG-CGA-ACA-GAC-ACA-AAC-AC Figure 7 . Carcinoma in situ (blue arrows) and initial phase of invasion of carcinoma cells into adjacent connective tissue (red arrows); staining with HE merase chain reaction (PCR). According to Hsu et al. (2010) a primer set of eight specific amplification and sequencing primers for the detection of mouse mammary virus-like nucleotide sequences were used (Table 2) . The PCR reactions were performed in a 50 µl amplification mix using the PPP master mix (TopBio, Prague) with different primer combinations. The PCR conditions were adapted from Hsu et al. (2010) with an expanded elongation time of 90 s. After cycle amplification a control electrophoresis in 1.2% TAE agarose gel was performed.
All DNA samples were analysed using spectroscopic measurements as well as agarose gel electrophoresis and staining with ethidium bromide.
RESULTS
The concentration of the DNA isolates was between 115 ng/µl and 330 ng/µl and the spectroscopic analysis showed absorption spectra typical for nucleic acids with purity coefficients A 260nm /A 235nm > 2.0 and A 260nm /A 280nm > 2.0 (data not shown). In contrast to the positive results of the DNA isolation from FFPE samples the control electrophoresis of amplified PCR fragments did not show any expected discrete band of amplified DNA fragments. Kondo et al. (2008a) showed that integumental neoplasms in Djungarian hamsters were the most frequent tumours and that various types of neoplasms were present. The most common integumental neoplasms were mammary tumours both benign and malignant. Predominantly females were affected, but the authors diagnosed a mammary tumour also in one male out of 12 examined cases (Kondo et al. 2009 ). In our cases the tumours were predominantly well differentiated adenocarcinomas, arranged in tubular, cystic or cystopapillar formations. There were some regions of more pronounced anisocytosis, anisokaryosis and mitotic activity of the neoplastic cells than in surrounding neoplastic tissue. Focal infiltration into the adjacent connective tissue was present but no angioinvasion of cancer cells was apparent. These findings correlate well with the results published by Kondo et al. (2009) . Yoshimura et al. (2010) diagnosed a lipid-rich carcinoma in the mammary gland of a Djungarian hamster. It was composed of two different cell populations -non-vacuolated glandular cells with moderate atypia and vacuolated neoplastic cells with marked atypia. Two cellular populations were present in the tumour located in the first right mammary gland of the first daughter. However, these cells did not appear to be more atypical in comparison with non-vacuolated cells. On the contrary, based on their nuclear morphology cellular injury could be assumed. Moreover, in addition to glandular cells the cytoplasm of the myoepithelial cells was also vacuolated.
DISCUSSION AND CONCLUSIONS
From comparison of the histological and biological properties of the mammary tumours it is noteworthy that the mother in which histologically more malignant tumours appeared, survived considerably longer than her daughters in which less malignant tumours were histologically diagnosed.
The histological properties of the tumour arising at the site of the previously extirpated mammary carcinoma in the first daughter were very similar to storiform pleomorphic malignant fibrous histiocytoma (Goldsmidt and Hendrick 2002). Fibroblastlike cells were arranged in storiform patterns and mixed with histiocytoid cells that were frequently karyomegalic or multinucleated. Infiltrates of lymphocytes, plasma cells and neutrophils were not recorded. Due to the absence of leukocytes and on the basis of immunohistochemical examination, we classified the tumour as an atypical fibrosarcoma derived from cutaneous ganglion cell-like cells (GCLC) as described by Kondo et al. (2008b; 2011) . According to these authors, the ganglionlike cells (GLC) that express androgen receptor are normally present in the dermis and subcutaneous tissue of Djungarian hamsters. The number of GLC increases with age and is influenced by serum androgen concentration and, therefore, their number is significantly higher in older males than females. Immunohistochemistry of the atypical fibrosarcoma of GCLC yielded, however, a negative reaction for S100 protein, neurofilaments, GFAP and synaptophysin, markers characterising cells of neuroectodermal origin (Kondo et al. 2011) . Therefore, the authors stated that the origin of atypical fibrosarcoma of GCLC is unclear and probably arises from peculiar undifferentiated mesenchymal cells in the skin. On the other hand, based on the strong positivity for vimentin and NSE, and moderate positivity for chromogranin and CD 117 (c-kit) shown here, a neuroendocrine histogenesis of the tumour could be assumed.
